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(57)Abstract: 

PURPOSE: To improve dielectric strength of an AC-DC 
converting element during power generating operation and 
reduce ON-resistance during operation of a motor by forming a 
MOS-FET of an AC-DC converting means using SiC material. 
CONSTITUTION: A 3-phase full-wave rectifying 
semiconductor circuit lOe is formed of channel enhancement 
type MOS power transistors 19a to 19f utilizing single crystal 
SiC material. An armature current switching control circuit lOf 
inputs voltages of respective phases VU, W, VX of a 3-phase 
armature winding 5 and reads a battery voltage to control to 
open or close the MOS power transistors 1 9a to 1 9f so that 
the battery voltage becomes constant. With employment of the 
MOS power transistors 1 9a to 1 9f using SiC as the base 
material, an yielding electric field intensity can be improved and 
a source parasitic resistance can also be reduced. Moreover, a 
channel resistance can also be reduced thereby to obtain a 3- 
phase full-wave rectifying semiconductor circuit lOe for a low 
loss starting and power generator for vehicle. 
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* NOTICES * 




JPO and NCIPZ are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely, 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The rotation field pole rotated with the revolving shaft connected with the engine crankshaft. The 
armature which has the armature coil wound around the armature coil and this which were fixed to housing. 
The altemating current-conversion-into-dc means which was constituted by two or more MOSFETs and 
connected between said armature coils and dc-batteries. The generation-of-electrical-energy mode in which 
change into a dc output the ac output which generates said MOSFET of this altemating current-conversion- 
into-dc means in said armature coil, and said dc-battery is charged, So that the rotating magnetic field in 
which said armature coil has fixed phase contrast to the field of said rotation field pole may be formed 
They are the generation-of-electrical-energy dynamo-electric means for cars which are equipped with the 
means for switching which it switches [ means for switching ] to the electric mode energized to said 
armature coil, and operates it fi-om said dc-battery, and are characterized by forming said MOSFET 
considering SiC as a material. 

[Claim 2] Said dc-batteries are generation-of-electrical-energy dynamo-electric means for cars according to 
claim 1 characterized by being less than [ 24V ]. 

[Claim 3] Generation-of-electrical-energy dynamo-electric means for cars given in either of claims 1 or 2 
characterized by sharing a part of total starting torque which carries out electric actuation and, which is 
interlocked with the exclusive starter formed separately, and an engine needs at the time of said engine 
starting, or a part of starting torque generating need rotation range [ at least ], and offering auxiliary starting 
torque. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the generation-of-electrical-energy dynamo-electric means 
for cars which have the electric function to give torque to the function and engine which are generated in 
response to torque from an engine. 
[0002] 

[Description of the Prior Art] As conventionally shown in JP,63-202255,A, MOSFET is used for the 
closing motion component which controls the current of an armature coil, and the generation-of-electrical- 
energy dynamo-electric means which were made to perform withstand voltage compensation of MOSFET 
of a parenthesis with zener diode are known. 

[0003] 

[Problem(s) to be Solved by the Invention] It is thought that said conventional technique has fixed 
effectiveness at the point which is improving the starting function as low on resistance which perceives that 
the on resistance has need pressure-proofing of a component and the relation of a trade-off in MOS (Si) 
conventionally, sets up pressxire-proofing of MOS low by adding power zener diode, and draws a 
component proof-pressure layer. However, since energy will concentrate on a component with specific low 
zener voltage at the time of surge **** and it will be easy to destroy if dispersion is in that power Zener to 
add must be regular high current ****** as rectifier diode at the time of a generation of electrical energy, 
and the zener voltage between that component, this conventional technique needs to set up a surge tolerated 
dose greatly, or needs to check the completion data of zener voltage, needs to let a sorting process pass, and 
becomes cost quantity extremely. Moreover, the radiation fin for Zener is needed separately, and there are 
troubles, such as becoming large-sized. 

[0004] Namely, the need of protecting a component in generation-of-electrical-energy dynamo-electric 
means to the high electrical potential difference (in for example, the case of 12V system dc-battery more 
than a decade 150-300V) generated inside at the time of a generation of electrical energy produces the 
above-mentioned conventional technique. It does not obtain, therefore, the on resistance of a component — 
high (comparing with the case where need component pressure-proofing can be managed with about 
several times of supply voltage in the machine which performs only electric actuation) — not becoming — 
In order to carry out energization control of the large starting current at the time of dividing that it is also at 
the high on resistance component (component with a thick proof-pressure layer), and starting a quiescence 
engine, it becomes still bigger on resistance (since it is a resistance component). The requirements for 
addition are added at MOSFET, and are solved, and the problem resulting fi-om a requirements addition 
which mentioned above will newly generate the fault of making the remarkable rate of the impressed 
battery voltage lose as a voltage drop. 

[0005] this invention is solved by adopting the component from which Si-MOS essentially differs the 
above-mentioned fault conventionally and which is markedly alike and brings about quantity pressure- 
proofing and a low on resistance property. 
[0006] 

[Means for Solving the Problem] The rotation field pole rotated with the revolving shaft with which this 
invention was connected with the engine crankshaft. The armature which has the armature coil wound 
aroimd the armature coil and this which were fixed to housing. The alternating current-conversion-into-dc 
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means which was cons^l^ by two or more MOSFETs and conn^fe between said amiature coils and 
dc-batteries. The generation-of-electrical-energy mode in which change into a dc output the ac output 
which generates said MOSFET of this ahemating cuirent-conversion-into-dc means in said armature coil, 
and said dc-battery is. charged. So that the rotating magnetic field in which said armature coil has fixed 
phase contrast to tiie field of said rotation field pole may be formed Having the means for switching which 
it switches [ means for switching ] to the electric mode energized to said armature coil, and operates it fi-om 
said dc-battery, said MOSFET offers the generation-of-electrical-energy dynamo-electric means for cars 
characterized by forming SiC as a material. 
[0007] 

[Function and Effect(s) of the Invention] Since a part to be lost as a voltage drop in the component section 
by having applied SiC to MOS-FET of an altemating current-conversion-into-dc means by which it can ask 
for low on resistance fi-om a high current at the time of electric can decrease remarkably and it can give that 
it almost continues being battery voltage ** to an armature winding while being able to ask for high 
pressure-proofing at the time of a generation of electrical energy according to the above-mentioned 
configuration, good driving torque can be acquired. 
[0008] 

[Example] The example of this invention is explained based on a drawing below. Drawing 1 is the block 
diagram showing the first example of ****. A generator is constituted by the Sanso Electric child coil 5 in 
which an induction generation of electrical energy is carried out by the magneto system rotator 1 which 
does not have an excitation accommodation means, and the rotator. This generator is driven the 
accelerating ratio 3 [ about ] by the belt with the car engine 30 put into operation with a starter. 
[0009] Drawing 2 - drawing S show the configuration of a generator. As shown in these drawings, the 
generator outer shell consists of the firont housing 14 and the rear housing 15 which consist of an electric 
good conductive metal of one, and is combined by four through bolts 23. A stator core 2 is fixed to the 
inner circumference of housing 14 and 15, and the stator core 2 is looped around the Sanso Electric child 
coil 5. 

[0010] The bearings 21 and 22 fixed to housing 14 and 15 are supported for the rotator, enabling free 
rotation. The rotator 1 is 16 poles and a multipolar field child, and is constituted by a magnet 18, the rotor 
core 12, the nonmagnetic member 20 that supports them, and the shaft 16. Inside flie rear housing 15, the 
accumulation rectifier 10 is being fixed on the screw. The accumulation rectifier 10 is arranged in the 
approach location of said Sanso Electric child coil terminal, and has the input/output terminal of input 
terminal 10b of the three-phase-altemating-current output current and direct-current output terminal 10c 
which extended in short distance, and dc-battery signal input terminal 10b even in the location 
corresponding to the takeoff connection of an armature-winding terminal. In the location of the below- 
mentioned regurgitation aperture 26 of the cooling style, connection of the Sanso Electric child coil 5 and 
the three-phase-altemating-current current input terminal 10b is carried out by soft soldering. Connection 
of the hamess (not shown) which connects direct-current output terminal 10c and the positive-electrode 
terminal of a car dc-battery (not shown) is carried out with a nut, and connection of lOd of dc-battery signal 
input terminals and the engine key switch signal terminal 10a is carried out by the connector. Really [ this ] 
fabricated accumulation rectification 10 is ****(ed) by the metal electromagnetic shielding member 9 
except for the input terminal for electromagnetic shielding and heat dissipation. 

[0011] The accumulation rectifier 10 has three-phase-fiill-wave-rectification semiconductor circuit lOe, lOf 
of armature current change control circuits which control it, and lOg of field positive-electrode angle-of- 
rotation detecting elements. As shown in drawing 2 , lOg of these field positive-electrode angle-of-rotation 
detecting elements approached the magnet 8 formed in said field rotator, and they are projected rather than 
crown plate member 9a of said accumulation rectifier, and they possess the field sensor (not shown) into 
this part. 

[0012] The fan 17 is formed in the rotator 1 at the both-sides end face, and it inhales from the inhalation 
aperture 25 in which 24 of the cooling style was prepared by the front housing 14 and the rear housing 1 5. 
The accumulation rectification 10, the inhalation aperture 25, and the regurgitation aperture 26 are arranged 
so that it may stand in a line in the centrifiigal direction mostly. Thereby, the regurgitation of the part of the 
cooling style is carried out from the regurgitation aperture 26 in the front face of head-lining flank material 
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9a of the electromagne^feielding member 9 which meets a fan a fan's 17 shroud makes. 

Moreover, similarly, bottom flank material 9b of the electromagnetic shielding member 9 is stuck to heat 
transfer fitness, and is attached in the rear housing 15. 

[0013] The accumulation rectifier 10 which has the above-mentioned configuration is compared with the 
three-phase-fiiU-wave-rectification machine of the AC generator for cars which has the conventional 
voltage regulator (regulator) and conventional three-phase-fiiU-wave-rectification machine of the AC 
generator for cars. It came shaft-orientations rear housing 15, and the pulse duty factor of end-face **** is 
burned and halved. By this space-saving-ization The inhalation-of-air window surface product of rear 
housing rises, overtemperature protection descent of said not only rectification control unit but said 
armature winding is brought about by reduction of a draft resistance, wiring and the increment in lead- wire 
****** are controlled, and a torque loss can be reduced. 

[0014] Next, circuitry is explained to a detail based on drawing 1 . Three-phase-fiiU-wave-rectification 
semiconductor circuit lOe is a three-phase-fiall- wave-rectification machine with which especially a crystal 
structure consists of MOS power transistors 19a-19f of the channel enhancement type type which carries 
out the material of the SiC of a single crystal called the so-called 6 H-SiC. Had transistor 19a - 19c 
common source field and the electrode of a high side, and each phase outgoing end of the Sanso Electric 
child coil 5 and the high order edge of a dc-battery 21 are connected. The transistors 10d-19f of a low side 
have the common drain field and the electrode, and have connected each phase outgoing end of the Sanso 
Electric child coil 5, and the lower order edge of a dc-battery 21 . 

[0015] lOf of armature current change control circuits has inputted each phase generation-of-electrical- 
energy electrical potential differences Vu, Vv, and Vw fi-om each phase outgoing end of the Sanso Electric 
child coil 5 inputted, and they are controlling the gate voltage impressed to each MOS power transistors 
[ 19a-19f ] gate electrode based on these input signals. That is, lOf of armature current change-over control 
circuits of the accumulation rectification control device 10 reads the electrical potential difference of a dc- 
battery 21, and if it curves, closing motion control of MOS power transistors 19a-19f will be carried out so 
that it may become fixed. And it is made to perform the change control with synchronous fi-equency so that 
the rotating magnetic field which the armature current makes may rotate with a rotator field positive 
electrode and a predetermined include angle based on the output signal of lOg of angle-of-rotation 
detecting elements of said field positive electrode. 

[0016] Moreover, the armature current is made to be switched to timing which the key switch signal IG and 
engine start signal ST are inputted, and the location of the above-mentioned rotating magnetic field 
intersects perpendicularly to said field positive electrode at the time of an engine start, and carries out 
motor actuation of the lOf of the above-mentioned armature current change-over control circuits. The detail 
of MOS power transistor type three-phase-fixU- wave-rectification machine semiconductor circuit lOe using 
the above-mentioned SiC is hereafter explained fiirther with reference to drawing 6 and drawing 7 , and 
drawing 8 . However, drawing 6 is the inverter circuit Fig. which expressed the MOS power transistor type 
three-phase-fiiU-wave-rectification machine semiconductor circuit of this example in ttie style of a copy 
circuit, and drawing 7 and drawing 8 show a part of MOS power transistors [ 19a-19f ] cross-section 
structure. 

[0017] The inverter circuit of the N-channel MOS power transistor of drawing 6 The drain electrode D of 
MOS power transistors 19a, 19b, and 19c of a high side and the MOS power transistors [ of a low side / 
19d, 19e, and 19f ] source electrode S are connected to the 1 phase outgoing end of the Sanso Electric child 
coil 5. The MOS power transistors [ of a low side / 19d, 19e, and 19f ] drain electrode D is connected to the 
lower order edge of a dc-battery 21, and the source electrode S of MOS power transistor 101 of a high side 
is connected to the high order edge of a dc-battery 21. In addition, the direction of the charging current and 
the electronic migration direction of [ at the time of dc-battery charge ] are reverse, and a source electrode 
says the electrode of the side which pours in the carrier charge at the time of this charge to a channel. 
[001 8] MOS power transistors 19a-19c and 19d-19f show to drawing 7 - as - P type - a well - between a 
field 103, i.e., the field of gate electrode 110 directly under, and the source electrode S or the drain 
electrode D Although the parasitism diode Ds by the side of source connection and the parasitism diode Dd 
by the side of drain connection arise as everyone knows P type — a well — the P type of MOS power 
transistors 19a, 19b, and 19c of the need for potential grant to a high side to a field 103 - a well — a field 
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103 is connected to the^K^n electrode D through the high resistor^^ 

[0019] on the other hand ~ the MOS power transistor of a low side - the P type - a well ~ the P type from 
the need for the potential grant to a field 103 ~ a well - the field 103 and the source electrode S have short- 
circuited. Thereby, the parasitism diode Ds by the side of the source connection in MOS power transistors 
19a, 19b, and 19c of a high side prevents the above-mentioned back flow from a dc-battery 21 . 
[0020] On the other hand, the high resistor 120 which has the high resistance of 1 50 ohms or more 
compresses into tolerance the back flow of the current to which a cxjrrent is similar in the parasitism diode 
Dd by the side of drain connection, when a generation-of-electrical-energy electrical potential difference, 
i.e., the source potential of MOS power transistor 101 of a low side, is forward, and when the MOS power 
transistor (not shown) turns off. 

[0021] Next, a part of cross-section structure of MOS power transistor 101 of the high side of the two phase 
fall wave rectifier 1 0 of drawing 6 is explained with reference to drawing 8 . N+ of SiC the N type proof- 
pressure layer 105 forms with epitaxial growth on the mold substrate 106 - having - the surface section of 
the N type proof-pressure layer 105 - P type - a well ~ when a field 103 carries out the ion implantation 
of the aluminum, it forms ~ having ~ fiarther - P type ~ a well - it is formed when N+ mold field 104 
carries out the ion implantation of the nitrogen to the surface section of a field 103. And a trench 108 is cut 
by well-known R, i, and E dry etching, carrying out opening only of the trench formation schedule field on 
the front face of a wafer, and carrying out a mask by tiie resist or the insulator layer, the gate dielectric film 
109 which consists of silicon oxide by the oxidizing [ thermally ] method is formed in the front face of a 
trench 108 after that, and the gate electrode 1 10 which becomes a trench 108 from doping DOPORI silicon 
is formed after that. 

[0022] then, phot lithography — a field insulator layer (not shown) — opening — carrying out ~ the nickel 
electrode 1 1 1 — N-h the mold field (source electrode) 104 and P type — a well — a field 103 ~ contacting — 
the golden electrode 1 12 — N+ The mold substrate (drain electrode) 106 is contacted and a component is 
completed. This nickel electrode 1 1 1 is formed by sputtering or vacuum deposition. 
[0023] thus — if it carries out — the nickel electrode 111 and P type ~ a well — the alloy layer of high 
resistance of nickel and SiC (not shown) is formed between fields 103, and this alloy layer constitutes the 
high resistor 120. The manufacture approach of the above-mentioned quantity resistor 120 is easy, and has 
the advantage which does not extend manufacture height, the high side transistors 19a- 19c — setting ~ a 
high resistor — a drain field and a well ~ since it connects with the parasitism diode between fields 
(parasitism diode Dd by the side of drain connection), and juxtaposition ~ a well — potential grant of the 
field is carried out through this high resistor, thus — if it carries out — a source field and a well — the dc- 
battery charging currents which flow through the parasitism diode between fields (parasitism diode Ds by 
the side of source connection) are sharply reduced by the high resistor, and dc-battery overcharge is 
inhibited good. 

[0024] since the above-mentioned source connection of the high resistor is made in the low side transistors 
19d-19f ~ a well — potential grant of the field is carried out through this high resistor. If it does in this way, 
the potential of the Sanso Electric child coil is high, and when the drain potential of a MOS power 
transistor is low, although the above-mentioned parasitism diode Dd serves as forward bias, the current 
which flows backwards through this parasitism diode Dd from a dc-battery will be inhibited by this high 
resistor good. 

[0025] therefore — this MOS power transistor with a built-in high resistor — a well — the potential grant to a 
field sake — a well — it is not necessary to short-circuit a field and a drain field consequently, a well ~ a 
proof-pressure layer can be prepared between a field and a drain field, since this does not need to prepare a 
proof-pressure layer between a source electrode and the channel start edge, it means that the big power loss 
and big generation of heat based on the source parasitism resistance Rs are boiled markedly, and can be 
reduced. 

[0026] In this example, when MOS power transistor OFF is being carried out and the high voltage (for 
example, +300V) is impressed between the source field 106 and the drain electrode 1 1 1, a depletion layer 
will mainly be jutted out over the N type proof-pressure layer 105, and this high voltage will be borne. 
Consequently, this N type proof-pressure layer 105 serves as the source feedback resister Rs, and as 
mentioned above, power loss is generated according to resistance of itself, and the increment effectiveness 
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in channel resistance. 

[0027] However, since it is made from a single crystal Si in this example, the thickness and impure person 
concentration of the N type proof-pressure layer 105 can be sharply improved as compared with 
conventional Si. Hereafter, the design condition of the N type proof-pressure layer 105 in the case of being 
referred to as ****** 300V of the N type proof-pressure layer 105 is considered. In the case of Si, that 
breakdown field strength is about 30v/micrometer, the thickness of the N type proof-pressure layer 105 is 
set to about 20 micrometers, and that high impurity concentration is abbreviation 1x1015 atom / cm3. 
Becoming, the resistivity of this Si-N quantity proof-pressxire layer 105 serves as 5 ohm-cm. 
[0028] On the other hand, in SiC, that breakdown field strength is about 400v/micrometer, the thickness of 
the N type proof-pressure layer 105 is set to about 4 micrometers, and that high impurity concentration is 
an abbreviation 2x1016 atom atom / cm3. Becoming [ consequently ], the resistivity of this N type proof- 
pressure layer 105 serves as about 1.25 ohm-cm. Therefore, since resistance of N quantity proof-pressure 
layer 105 is resistivity x thickness, as compared with the N type proof-pressure layer 105 of Si, reduction of 
about 1/of N type proof-pressxure layers 105 of SiC is attained to the resistance of 20. 
[0029] After all, as it can decrease to abbreviation 1/15 as compared with Si and explanation was given 
[ above-mentioned ] according to it, channel resistance can also decrease sharply, and the above-mentioned 
source parasitism resistance Rs in the MOS power transistor of above SiC can realize the three-phase-fiiU- 
wave-rectification semiconductor circuit section 19 very for starting-cum-the generators for cars of low loss 
according to those synergistic effects. 

[0030] That is, by having adopted SiC showed that the three-phase-full-wave-rectification semiconductor 
circuit section 19 with the outstanding effectiveness which caimot be predicted was realizable from the 
conventional thing, when the breakdown field strength of the N type proof-pressure layer 105 improved. 
Naturally, the above-mentioned relation is also the same as when other high voltages other than 300V are 
impressed to the N type proof-pressure layer 105. Other operation effectiveness of the three-phase- full- 
wave-rectification machine semiconductor circuit section 19 of this example constituted as mentioned 
above is explained below. 

[0031] With this magneto system generator, in a high rotation region, since a generation-of-electrical- 
energy electrical potential difference increased, with the conventional MOS power transistor type three- 
phase-full-wave-rectification vessel, there was a problem overcharged in a dc-battery also in the time of 
OFF of a MOS power transistor, this — the antisuckback from the dc-battery to the Sanso Electric child coil 
sake ~ the parasitism diode Dd — connecting too hastily ~ a well — it is because potential grant must be 
carried out to a field, in order to solve this problem — this example — the drain electrode D of MOS power 
transistors 19a- 19c of the high side of the three-phase- full-wave-rectification machine 19, and P type ~ a 
well — a field 103 — the high resistor 120 — connecting — this high height object 120 — leading — P type — 
a well — potential grant is carried out to a field 103. 

[0032] If it does in this way, in order that the parasitism diode Dd of MOS power transistors 19a- 19c of a 
high side may prevent the dc-battery charging current which bypasses a channel, overcharge of a dc-battery 
21 is prevented, moreover, the high resistor 120 of a low side transistor does not have tolerance in the 
short-circuit current of the Sanso Electric child coil — it is alike and restricts. Next, the voltage-current 
property of Si diode, the MOS power transistor of Si, and the MOS power transistor of SiC manufactured 
in the same chip size and the design Ruhr is shown in drawing 9 - drawing 10 . However, those pressure- 
proofing is set to 250V. Drawing 9 shows the property of Si diode, drawing 10 shows the property of the 
MOS power transistor of Si, and drawin g 1 1 shows the trial property of the MOS power transistor of SiC. 
In the conditions of current 75between soxirce drains A, the three-phase-full-wave-rectification 
semiconductor circuit 19 of this example became possible [ reducing power losses more than 90& as 
compared with the conventional three-phase-full-wave-rectification machine ] so that drawin g 9 - drawin g 
10 might show. 

[0033] An example of the count result about the rate of on resistance at the time of changing demand 
pressure-proofing of a MOS power transistor into drawin g 1 1 is shown. In addition, although this rate of on 
resistance is the sum of channel resistance and resistance of the N type proof-pressure layer 105, and 
especially channel resistance is changed by various factors, in a hi^ proof-pressure field, it becomes 
dominant above-mentioned resisting [ of the N type proof-pressure layer 105 ] it so that drawing 12 may 



http://www4.ipdLncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2/7/2005 



Page 6 of 9 

[0034] That is, even if pressure-proofing increases, the channel resistance itself hardly changes, but 
resistance of the N type proof-pressure layer 105 increases, maintaining a forward correlation at pressure- 
proofing (when the increment in the channel resistance by the above-mentioned feedback effectiveness by 
the increment in ttie source parasitism resistance Rs is disregarded). Therefore, at Si, although the rate of on 
resistance increases firom about proof-pressure 25 V-like proportionally with the increment in a proof 
pressure, by SiC, it tums out that proof-pressure 250V can disregard most increments in resistance of the N 
type proof-pressure layer 105, and the rate of on resistance increases slowly for the first time exceeding 
proof-pressure 250V. 

[0035] In this example, MOS power transistors 19a- 19c of a high side can be made into the common source 
structure of having a proof-pressure layer in a source side. Since MOS power transistors 19d-19f of a low 
side can be made into the common drain stmcture of having a proof-pressure layer in a drain side As shown 
in drawing.! , high side MOS power transistors 19a- 19c of the common source are constituted fi-om one 
chip, and as shown in drawing 17, MOS power transistors 19d-19f of the low side of a common drain 
consist of one chip. 

[0036] Furthermore, when it explains in detail, it sets to drawin g 1 and is N+. The mold substrate 106 
constitutes the common source electrode S of angle MOS power transistors 19a- 19c of a high side. Only 
the distance in which a pimch-through is impossible separates enough mutually, and Fields 103 a- 103c are 
formed according to an individual, a substrate 106 top — the P type of **** — a well — every P mold — a 
well — the surface section of Fields 103 a- 103 c — respectively — N+ The drain fields 104a- 104c of a mold 
are formed according to an individual, every P mold — a well — the gate electrodes 1 lOa-1 10c are arranged 
in tiie surface section of Fields 103a- 103 c through an insulator layer 109, and it flows through each drain 
fields 104a- 104c according to an individual in the proof-pressure phase 105 with the gate electrodes 1 10a- 
110c. 

[0037] If it does in this way, the outstanding effectiveness that the half bridge which consists of MOS 
power transistors 19a- 19c of three high sides on 1 chip can be accumulated without increasing height in 
any way will be done so. Moreover, since the power loss of each MOS power transistors 19a- 19c is small, 
it is also avoidable that each inhibition elevated-temperature-izes by the above-mentioned accumulation. 
[0038] Moreover, it sets to drawing 1 and is N+. The mold substrate 106 constitutes the each MOS power 
transistors [ of a low side / 19d-19f ] common drain electrode D. Only the distance in which a punch- 
through is impossible separates enough mutually a well with a - of 103d [ of fields ], and it is formed 
according to an individual, a substrate 106 top — the P type of each phase — every P mold — a well — the 
Fields [ 103d-103f ] surface section — respectively — N+ The source fields 104d-104f of a mold are formed 
according to an individual, every P mold — a well — the gate electrodes 1 lOd-1 lOf are arranged in the 
Fields [ 103d-103f ] surface section through an insulator layer 109, and the proof-pressure layer 105 is 
made to flow through the drain fields 104d-104f to write according to an individual with the gate electrodes 
llOd-llOf 

[0039] If it does in this way, three outstanding effectiveness that yes, the half bridge which consists of 
power transistors 19d-19f of MOS of a sand can be accumulated, without increasing a process in any way 
will be done so on 1 chip. Moreover, since 19d power loss of 19 f of each MOS power transistor is small, it 
is also avoidable that each component elevated-temperature-izes by the above-mentioned accumulation. 
[0040] To as mentioned above, fiiU-wave-rectification semiconductor circuit lOe which can ask for low on 
resistance fi'om the high current which flows when there is no reverse electromotive voltage at the time of 
starting, while being able to ask for high pressure-proofing, since [ which has a generation-of-electrical- 
energy fimction ] it is especially magneto system A part to be lost as a voltage drop in the component 
section by having used single crystal 6 H-Si decreases remarkably. Since as [ battery voltage ** ] was 
almost given to the armature winding, as it is shown in drawing 12 , at the time of starting 50% of targets. 
In **** rotational fi'equency lOOrpm, about 60% and the fast improvement effectiveness in torque are 
acquired. The key objective target of this invention could be achieved, since it did with the bidirectional 
rectification controlling element which intercepts the power-source sheet which is going to lead parasitism 
diode to the forward direction fiirther again by the high resistive layer, tiie field rotator could consider as 
the permanent magnet type of small low cost, and the 2nd purpose of this invention was able to be 
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achieved. 

[0041] In addition, drawing 12 is an experimental value when operating 12V 120 first class and an armature 
core outer-diameter abbreviation phil30nmi thing as a starter as a generator, and, in the case of the pulley 
ratio 2.9, is plotted as starting by the side of an engine crank pulley. In addition, one more large 10 point is 
based on having compared the torque in **** rotational frequency lOOrpm with the time of starting 
(rotational fi-equency = Orpm), having lessened number of tums by the ability carrying out the terminal 
voltage establishment of the nimiber of tums of an armature winding required as a generator at least by the 
on resistance improvement of a component, since the R/C of the torque of lOOrpm is [ a SiC transistor ] 
low on resistance like the above-mentioned, and the alternating current impedance having fallen, thus, it is 
based on SiC adoption — secondary — it turned out that degree effectiveness is also bom. 
[0042] To eye backlash which is the multi-electrode field rotator of 16 poles by which an accelerating drive 
is carried out by the belt to an engine as the above-mentioned configuration described, in addition, the 
impetus frequency Even when an engine idle is about 500 rpm, 200Hz and an engine are very as expensive 
as about 2kHz during high-speed operation, in addition, since it usually comes out to choose carrier 
frequency as the about about 10 times for the reduction in the noise and said MOSFET has it, the closing 
motion frequency of MOSFET is very high (2kHz - 20kHz). 

[0043] In this case, although it tums out that radiation of a noise electric wave is remarkable and there is a 
problem practically when it will be hard to gather the speed of flow control, if a wiring INGUKU wardrobe 
is in said rectifier-circxiit section Like this invention, a pulse-signal and a part with power change are 
formed into an accumulation package, this is ****(ed) with the metal plate for noise prevention, and there 
is outstanding effectiveness that generating of the above-mentioned trouble can be prevented, by having 
equipped metal front housing and the inner center section of RIYA with this fiirther. 
[0044] 

[Other Example(s)] Drawing 13 proposes the control system of said three-phase-fiiU- wave-rectification 
semiconductor circuit lOe, and this control is performed by the controller (not shown) by which fiinctional 
integration was carried out at the car engine control computer. Of course, lOf of armature current change 
circuits can also perform this control action. 

[0045] This control action is explained below. First, battery voltage is inputted (200) and a dc-battery 
charge condition is presimied based on it (202). Next, the input generator voltage signals Vu, Vv, and Vw 
are inputted from each phase outgoing end of the Sanso Electric child coil 5 (204). After being based on 
them, calculate the line voltage of each phase and field pole (206) include-angle detection is carried out 
(2061). A presumed include angle is given by the presumed logic beforehand defined when include-angle 
detection, such as the time of quiescence, went wrong (2062). While choosing whether they are the time 
when it should input whether IG signal with possible engine ignition is inputted (2063), and the engine 
trigger signal is coming (2064), and should start, and the time when it should generate electricity When 
change selection is made and SiCMOSFET should be generated so that it may become motor actuation, 
when it should start it is a linear pressure — the phase which is the electrical potential difference on which 
an electrical potential difference exceeds battery voltage, and is the direction which charges a dc-battery is 
detected, and the MOS power transistor of the high side connected between the lines of the phase and a low 
side is chosen (208). 

[0046] Next, from phase voltage, a generator engine speed is calculated (210), an engine engine speed is 
detected based on it, and it stores in memory (212). Next, engine rotation pulsation of the secondary 
rotation harmonic content (in the case of a 4-cylinder) based on the torque unevenness accompanying the 
engine irregular combustion at the time of an idle, 3rd rotation harmonic content (in the case of 6-cylinder), 
etc. is detected (214). 

[0047] Next, based on the calculated dc-battery charge condition and the controlled variable which 
searched the control pattem beforehand defined from engine rotation pulsation (216), determined controlled 
variables, such as MOS power transistors [ 19a-19f ] flow time amoimt and closing motion timing, and was 
determined, closing motion control of MOS power transistors 19a-19f is carried out (218). If it does in this 
way, when dc-battery remaining capacity is smallness, generation-of-electrical-energy control which 
thought charge as important will be performed, and it will become possible for engine rotation pulsating 
quantity to change the amount of generations of electrical energy so that engine rotation pulsation may be 
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controlled in an adult ciH^and to perforai a torque control, for exaj^e. 

[0048] In addition, conventionally, in the case of a field type coil type generator, mechanical vibration 
causes propagation rotation failure at a field coil, or the time constant of a field circuit is large and, as for 
having not resulted in utilization, although the inhibitory control to pulsation of such rotation was 
considered theoretically, it has considered that it is not suitable for controlling rotational pulsation at high 
speed as the cause. Moreover, in the case of a permanent magnet rotator, it is raised that the means which 
can control the output current to low loss as mentioned above was not discovered. Reduction of an engine 
rotational vibration is realizable with this example, inhibiting increase of power loss. 
[0049] In the above-mentioned rank example, MOS power transistors 19a- 19c of a high side and MOS 
power transistors [ of a low side / 19d-19f ] either can also be permuted by PN-junction diode, and SiC- 
MOSFET and Si-MOSFET can also be mixed. Furthermore, this example is applicable also to the field coil 
type rotator which does not control the amoxmt of excitation magnetic flux, and also applicable to the 
rotator of the structure which uses a field coil and a magnet together. 

[0050] Although the above explanation explained three phase fiiU wave accumulation mold equipment 10 
rectifier of starting-cum-the generator for cars, since three-phase-fiiU-wave-rectification machine 
semiconductor circuit lOe of this example is switchable, naturally it can be adopted or made to serve a 
double purpose also as a switching inverter circuit which generates a three-phase-altemating-current 
electrical potential difference. Moreover, although the generator is driven by the crank pulley in the above 
explanation, it may be a gear or you may be a planetary roller, and belt driving of the ring wheel by the side 
of missions may be carried out by this as a major-diameter pulley again, or you may be direct connection. 
Moreover, you may be ******** although the above explanation shows the example which made one the 
full-wave-rectifier-circuit section and the rectification control circuit section, and an include-angle 
detecting element. Moreover, although the generator is made into the permanent magnet type in the above 
example, even if it is a field- winding type, it is not necessary to say that suitable effectiveness is bom. 
[0051] Moreover, although the above example shows indicating that this starting-cum-generator operates as 
an auxiliary starter, and bringing about the miniaturization effectiveness of the Maine starter, it is also 
possible to choose a high accelerating ratio suitably among two to about five, and for the Maine starter to 
make the pulley ratio of a belt there be nothing, and to provide all starting torque, and the effectiveness that 
the Maine starter is omissible in this case is bom. Moreover, the large lock torque at the time of starting can 
be made to be able to share with the Maine starter, and the auxiliary drive of the **** rotational firequency 
region can also be carried out only with this starting-cum-generator after starting. 
[0052] Moreover, although the above explanation shows the configuration which accelerates the power 
transfer with an engine at the rate of a constant ratio, and performs it, it is not necessary to say that there are 
an adjustable-speed device and effectiveness that the electrical-potential-difference loss which need electric 
torque, i.e., a component ****** style, will have, will end, and will be lost in component on resistance if it 
carries out through a clutch also becomes small. [ more few ] Moreover, although it becomes unnecessary 
to adopt the power zener diode for generation-of-electrical-energy large power surge absorption and this is 
not used with the above configuration, depending on a car, a bigger addition surge than the exterior is 
guided to an output line, and the dependability of a display may be fallen. Zener for absorbing such an 
outpatient department surge of small energy, and in this case, adding a capacitor etc. ~ this contractor — 
while it is easy, it is not necessary to say belonging to the range of the configuration / operation 
effectiveness of the invention in this application 

(***♦ of the relation of the pressxjre-proofing and the resistance of Si-MOS power transistor and a SiC- 
MOS power transistor) Although MOS power transistors 19a-19f of each above-mentioned example are 
made fi^om 6 H-SiC in addition and being designed to proof-pressure 250V The **** effectiveness (refer to 
drawing 12 ) of the resistance of the three-phase- full-wave-rectification machine 19 for the AC generators 
for cars using MOS power transistors 19a-19f of these 6 H-SiC and the three-phase-fiiU-wave-rectification 
machine 19 of the AC generator for cars using the MOS power transistor of Si is explained theoretically 
below. 

[0053] However, the increment effectiveness in channel resistance by the feedback effectiveness of the 
source parasitism resistance Rs shall be disregarded here. Moreover, circuit structure is made into the 
vertical mold structure of drawing 8 , and a chip area is made equal. The resistance R of a transistor is the 
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channel resistance re 3^11^+. It is the sum with the resistance rb o^^mold proof-pressure layer 105 and 
is [0054]. 
[Equation 1] 

rc=LAV /( 1 -/second-epsilons-epsilons)- 1 - (Tox/(Vg- Vt)) 

[0055] 

[Equation 2] 

rb=4Vb2 - (l-/micro-epsilon s-epsilon o-Ec-A) 

When carried out, as compared with the MOS power transistor of Si, about 1/of MOS power transistors of 
SiC became the resistance of 15. however, the breakdown field strength Ec — Si — 3x105 and SiC — 3x106 
V/cm and specific-inductive-capacity epsilons — Si — 1 1. ~ as for both 10.0 and the area A, 8, 8, and SiC 
of 2 and Vb are PUREKU down ** (proof pressure) Imm. 

[0056] fiirthermore, mu — electronic bulk mobility ~ it is — Si — 1 100 and SiC are [ 222 micrometers and 
mus of both 1 micrometer and channel width W ] electronic channel mobility, and Si made 500 and SiC 
100cm2/(V-S) for both 370cm2/(V-S) and the chaimel length L. The above-mentioned formula showed that 
resistance became [ the direction of SiC ] small more than by proof-pressure 50V. in addition, since it sees 
by the above-mentioned coimt and the substrate is used as the drain, when using a substrate as the source, 
resistance of Si should be markedly boiled by the increment in channel resistance by the feedback 
effectiveness of the source parasitism resistance Rs which gave [ above-mentioned ] explanation, and it 
should increase — it comes out. 

[0057] Therefore, even if the design Ruhr changes somewhat, it can be presumed more than by proof- 
pressure lOOV that the MOS power transistor of SiC serves as ****** certainly. 



[Translation done,] 
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* NOTICES * 




JPO and NCIPZ are not responsible for any 
damages caused by tbe use o£ this truslation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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